The available estimates of incidence and prevalence of syphilis among men who have sex with men (MSM) in Mainland China are high. We used respondent-driven sampling to recruit MSM in the study population. The participants were followed up to monitor the incidence and change of risk behaviours. A face-to-face interview was used to collect information about high-risk behaviours, demographics and recreational drug use. To test the difference between prevalent and incident cases, two nested matched case-control studies were carried out. The cases were the HIV or syphilis positives found at baseline and during follow-up. We used density sampling to sample six controls for each case. Our results indicate that compared to incident cases, prevalent cases had a higher proportion of reported unprotected anal intercourse for both HIV and syphilis. Regression analysis indicated that unprotected anal intercourse was the main risk factor among HIV-prevalent cases but not in HIV-incident cases. These differences could possibly be explained by the implementation of the risk reduction interventions. Syphilis was not a risk factor for HIV-prevalent cases but was highly associated with HIV-incident cases. Tailored interventions addressing unprotected anal intercourse and other risk factors can help to reduce the prevalence and incidence of HIV and syphilis.
Introduction
The rates of HIV incidence among men who have sex with men (MSM) in Mainland China remain unacceptably high. It is estimated that about 32.5% of new HIV infections were attributable to sex between men in China during 2009 with an increase of 12.2% since 2007. 1, 2 Urban areas have documented higher HIV prevalence in recent years and harbour intense epidemics characterised by factors that lead to initiation as well as persistence of high-risk behaviour. 3 Similarly, there is high prevalence of syphilis reported in the recent years among Chinese urban areas. 4, 5 The risk behaviours and socio-demographic characteristics of MSM depend on the length of their practice of gay sex. 5 With the incidence of current or recent syphilis among MSM in Mainland China at approximately 17 per 100 person years, 6 and the prevalence of chronic infections at around 22.4%, 7 it is important to understand how these acute or chronic disease states are impacted by several risk behaviours.
Understanding the pathways of high-risk behaviour and sexually transmitted infections (STIs) in MSM helps in guiding evidence-based prevention efforts. 8 Studies that have examined factors affecting the link between high-risk behaviours namely, unprotected anal intercourse (UAI) and unprotected vaginal intercourse (UVI) on STIs have primarily focused on heterosexual populations in Mainland China and other developing countries. 9, 10 The pathways between high-risk behaviour (UAI and UVI) and syphilis in MSM of China, however, are not well understood. In this study, we examined the association between high-risk behaviour and syphilis in MSM, and the pathways involved. We hypothesised that there would be a difference between prevalent and incident cases of syphilis/HIV, and their associations with high-risk behaviour (UAI and UVI) and socio-demographics might be attributable to knowledge and attitudes about high-risk behaviour. By comparing the prevalent and incident cases, we can identify whether the participants changed their behaviours over a period of time and whether such change may have influenced the course of HIV/syphilis epidemic.
Methods
Our study employed respondent driven sampling (RDS) to recruit participants, through the 10 seeds based on the feedback from non-government organisations 11 in Nanjing. The cruising areas are the places/ areas where MSM go to find casual sex partners. Through these areas, the seeds recruited MSM from bars, bathhouses/spas, restrooms/parks and the Internet. After being interviewed, each participant was asked to recruit up to three other MSM, using a numbered coupon. All recruits were asked to present their recruitment coupons. The original seeds were different in terms of income, age, occupation and cruising areas. After each participant was interviewed, a pack of lubricant and condoms were given as primary incentive. For each person recruited (up to three), they received a prepaid phone card as secondary incentive. The inclusion criteria for our study were these: they must have had oral and/or anal sex with men in the past 12 months, must be currently living in Nanjing and must have been older than 18 years and must not have participated in other similar studies within the past 3 months.
Measures
A face-to-face interview was used to collect information from participants. UAI was defined as lack of consistent and universal use of (Not always using) a condom during anal sex with male partners during the past six months. UVI was defined as lack of consistent and universal use of a condom during vaginal sex during the past six months with all female partners. Assessment of knowledge regarding HIV was based on answers to basic questions related to HIV (correctly answered at least 6 of the 8 related questions), and coverage of HIVpreventive services was defined as the proportion of population who received at least one of the six listed intervention services in the past year (condoms, lubricant, peer education, STI diagnosis or treatment, HIV counseling or testing and AIDS/STI-related materials/ pamphlets). Having multiple sexual partners was defined as having more than two male partners within the past 6 months. Regular sexual partners were defined as those who had a steady sexual relationship with their partners, while casual sexual partners were defined as occasional sexual partners.
Information was collected regarding details on recruitment of participants, demographic characteristics, knowledge about HIV, attitudes about HIV preventive services, recent sexual behaviours, recreational drug use and STI-related symptoms and signs. Higher education was defined as attend Junior college or higher. The study was conducted at the Clinic of the Jiangsu Provincial Center for Disease Control and Prevention in Nanjing. Information about characteristics of the population, their knowledge about HIV, attitudes regarding HIV-preventive services, recent sexual behaviour and STI-related symptoms and signs were also collected.
Follow-up (Cohort)
After the baseline survey, all the sero-negative participants were followed up at 6 months, 12 months and 18 months after the first survey. To encourage the participation, incentives worth $16 were provided to each participant at each follow-up visit. The retention rate was defined as participation in successive rounds compared to the initial round (Positive cases were removed from the denominator). For example, the retention rate for the syphilis cohort at the second round was calculated as the number participants who attended the second round divided by the number of non-HIV-positive and non-syphilis-positive participants in the first round.
The detailed intervention method is reported in detail in an earlier paper. 12 The intervention was implemented at each round, and had two components (basic package and individual specified intervention strategies). In basic package, we provided knowledge about ways to reduce specific risk behaviours, including number of sexual partners during the past six months, sexual practices, patterns of condom use, alcohol and/ or drug use affecting sexual activity, STIs and HIV.
In personalised risk reduction counseling, based on risk behaviours and sero-testing results of the participant, tallied intervention, included but not limited psychological counseling, STI treatment services and skills for providing results to sexual partners were offered to the participants.
Nested matched case-control studies (1:6)
In order to distinguish the difference between prevalent and incident cases, two nested matched casecontrol studies were carried out. The nested studies were two: one for prevalent cases and another for incident cases. In our study, prevalent cases were defined as the HIV/syphilis cases identified as baseline while incident cases were defined as the baseline casefree participants who developed HIV or syphilis in the follow-up period. The cases were defined as the HIV or syphilis cases found at baseline and newly found HIV or syphilis cases, respectively. Density sampling was used to select six controls for each case, matched on sampling time. ''Matching on sampling time'' means six controls are sampled from the persisting population at risk at the same time around the case is identified. 13 For example, when an HIV case was detected, six successive non-HIV-positive participants were matched to this case, thus making all of them sampled from the same amount of person-time at risk (and thus called density or at-risk sampling). 14 In the event of another HIV case detected among six people, the control will be the seventh person and six successive participants would be matched to the new case.
Case ascertainment
We have described the serologic measures in detail elsewhere. 15 In brief, before the interview, 5 ml of blood was drawn from each consenting participant for testing for HIV and syphilis. HIV antibodies were screened using a rapid test (Acon Biotech Co., Ltd) by using whole blood. Early studies conducted in China had already employed this test with success. 16 If the result was positive, a Western blot (HIVBLOT 2.2, Genelabs Diagnostics, Singapore) was performed to confirm HIV antibody positivity. Syphilis antibodies were screened using Rapid Plasma Reagin (RPR, Wantai Biopharmacy Co., Ltd) and confirmed by Treponema Pallidum Particle Agglutination Assay (TPPA, Wantai Biopharmacy Co., Ltd). Syphilis positivity was defined as ''current'' when both TPPA and RPR were positive.
Age, income, occupation, cruising areas, marital status and residence were expected to be potential confounders of the relationship between high-risk behaviour and disease status. [4] [5] [6] 8, 11, 17 Statistical methods Double entry of data was performed and the two data sets were compared (Epi Data for Windows; The Epi Data Association Odense, Denmark), and logic check was used for data cleaning. Respondent Driven Sampling Analysis Tool (RDSAT) version 5.6 (available free online, http://www.respondentdrivensampling.org) was used to estimate the population adjusted point estimate and 95% confidence intervals. HIV and syphilis incidence was estimated by using the number of sero-conversions within the follow-up period as the numerator and the total person-years (PY) of the cohort exposure to the risk of HIV and syphilis transmission as the denominator. For those with seroconversions for both (HIV and syphilis), half of the follow-up duration (between the two visits) was used as their contribution to the total person-time at risk of exposure. Also, Chi square test was used to compare the differences between prevalent cases and incident cases for HIV and syphilis.
Two types of analysis were done in the case-control studies; one, with HIV-prevalent cases and another with incident cases. Conditional logistic regression model was used to identify the factors (unadjusted) correlated to HIV in these two case-control analyses; in addition, we also adjusted for age (continuous, in age), marital status (single, married or divorced or widowed), residence permit (Nanjing, Other cities in Jiangsu provinces or other provinces).
The Statistical Analysis System was used for data analysis (SAS 9.1 for Windows; SAS Institute Inc., NC). Due to the small sample size, in order to improve the power of the study, statistical significance was defined by p value 0.10 and 0.15, respectively. 18 
Ethical statement
The Ethics Committee of Jiangsu Provincial Center approved the study process and content on behalf of Disease Prevention and Control (JSCDC). Signed informed consent was obtained from each of the participants prior to the interviews, blood collection and intervention at each round of the surveys. Each participant had the right and voluntary decision to decline or to withdraw from this survey at any time freely.
Results
The survey was conducted in May and June of 2008. Overall, 430 participants (33.1% [427] of the 1289 distributed coupons were returned, and 420 of them attended the survey) were enrolled at the baseline through ten initial seeds of the initial recruitment. The crude HIV and syphilis prevalence rates at baseline were 4.7% (20/430) and 11.6% (50/430), respectively, and the adjusted HIV and syphilis prevalence rates were 6.6% (95% CI 3.0-10.4) and 12.6% (95% CI 8.1-18.3), respectively. Figure 1 shows recruitment of MSM by RDS, number of HIV/syphilis seroconversions, retention rates and loss-to-follow-up during each follow-up (syphilis cohort). The retention rate at 6 months was 72.5%, 65.8% at 12 months and 51.2% at 18 months. HIV incidence rates at 6 months, 12 months and 18 months were 5.2 (95% CI 2.1-10.1), 3.8 (95% CI 1.2-8.8), 1.1 (95% CI 0.03-6.1) per 100 person-years, respectively, while overall HIV incidence was 3.6 (95% CI 1.9-6.2) per 100 person-years (Table 1) . Table 1 also provides the incidence rate of syphilis. HIV incidence continuously decreased during the entire follow-up period, while there was a decreasing trend of syphilis incidence rate from baseline to the 12-month follow-up, but not between 12 and 18 months, suggesting waning of syphilis incidence ( Figure 2) .
We compared the information of HIV/syphilis prevalent and incident cases in our study ( Table 2) , indicating that there is no significant difference between HIV and syphilis prevalent and incident cases with respect to age distribution, marital status, residence and knowledge. However, compared with HIV and syphilis incidence, greater proportion of prevalent cases engaged in UAI (80.0% vs 40.2% for HIV, 74.0% vs 47.1%). Also, compared to incident cases, more HIV-prevalent cases engaged in insertive anal sex and less engaged in both insertive and receptive anal sex. However, these differences were not seen between syphilis incident and prevalent cases. As shown in Table 2 , about three-quarters of the first sexual partners of incident syphilis cases were men, while this was less than half for prevalent cases of syphilis.
Both univariate and multivariate analysis indicated that UAI is a major risk factor for HIV-prevalent cases (crude OR: 2.54; 95%CI: 0.78-8.27, adjusted OR: 2.50, with 95%CI: 0. 72-8.65), but not for incident HIV cases ( Table 3 ). In addition, the results show that syphilis is highly correlated with HIV-incident cases but not with HIV-prevalent cases. For the HIV-prevalent cases, before adjustment, it was seen that the propensity for HIV infection was higher with advancing age of the participants engaged in first sexual intercourse (OR ¼ 1.25; 95%CI: 1.07-1.49), however, after adjustment, the result was reversed (OR ¼ 0.84, 95%CI: 0.69-1.03).
Discussion
This study provides the prevalence and incidence rates of HIV and syphilis in a major urban area of Mainland China in addition to understanding determinants of differences between prevalent and incident cases. Overall, HIV and syphilis incidence rates were decreased during the study period, although no such consistency in decrease was observed for incidence rate of syphilis. The decreasing incidence of the HIV and syphilis rates may be explained by the success of the risk-reduction and counseling programmes. The results indicate inconsistency was seen only between 12 and 18 months, which may be due to random error as only two cases of incident syphilis cases were found during 6 to 12 months and only three during 12 to 18 months of follow-up.
We found that compared to incident HIV cases, prevalent cases had a significantly higher proportion of reported UAI rate and similar results were found between prevalent and incident cases of syphilis. This study also reports that UAI was significantly related to HIV-prevalent cases but not to incident cases. These differences could be explained by the risk reduction interventions employed in the study. In another study in the same cohort, we found that reported UAI significantly decreased during the study period in addition to decrease in reported UAI with casual and regular partners in the past six months. 12 These results can partially explain why UAI was related to HIV-prevalent cases, but not with HIV-incident cases. Nonetheless, this does not undermine the role of UAI as a major risk factor for HIV infection although risk reduction programmes might have decreased the proportion of participants with this risk behaviour. 19, 20 Also, it is possible that participants may underreport the risk behaviours due to the issue of social desirability. This can lead to misclassification of the exposure; however, this misclassification tends to be non-differential as the participants reported their risk behaviours before they got the testing results of HIV and syphilis. Behavioural disinhibition, also known as risk compensation, 21 might be another possibility to be considered in intervention-related studies. 22, 23 We did not find any evidence from this study regarding this and cannot rule out the probability of behavioural discrimination being present in the study. The change of the behaviours of participants may also partially explain the change of the HIV and syphilis incidence rates during the study period. Another important finding is that syphilis was not a risk factor for HIV-prevalent cases but was highly associated with HIV-incident cases. All these results indicate that even after the implementation of riskreduction counseling, the treatment of syphilis and other STIs are even more important for prevention of HIV infection.
The strengths of the study include use of RDS to access members of the otherwise hard-to-reach populations in a demographically diverse sample, and the use of biological markers of HIV and syphilis infection. A follow-up study monitored the incidence as well as change of risk behaviours of the participants.
There are some limitations in our study. One major limitation is the small sample size. In our study, we only have 20 HIV-prevalent cases, 13 HIV-incident cases, 50 syphilis-prevalent cases and 17 syphilis-incident cases. Since we only have a small number of cases, we had less power to test the difference between them, and we could not adjust for too many potential confounders during the data analysis and this might have resulted in residual confounding in our study. It is possible that such a bias ensues when stratification has exceeded the limits of the data. The estimates of exposure-disease association move further away from the null as more variables are added to the stratification or regression model. This may explain why, despite adjustment and using conditional logistic regression, the ORs for partners at pub increased from 4.36 to 17.87. Higher lossto-follow-up is another major challenge of our study.
By the end of the study period, about half of the participants were lost to follow-up, and this may cause selection bias only if the loss to follow-up was related to the outcome in our study. 
